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Summary 
Background: Existing measures of children's dental anxiety have not been developed with children 
or based on a theoretical framework of dental anxiety.  
Aim: To develop the ŚŝůĚƌĞŶ ?ƐǆƉĞƌŝĞŶĐĞƐŽĨĞŶƚĂůŶǆŝĞƚǇDĞĂƐƵƌĞ ?D ?ĂŶĚĞǀĂůƵĂƚe the 
measure's properties. 
Design:  The measure was developed from interviews with dentally anxious children. Children 
recruited from a dental hospital and secondary school completed the CEDAM and Modified Child 
Dental Anxiety Scale (MCDAS).  A subgroup of children completed the CEDAM before and after 
receiving an intervention to reduce dental anxiety to examine the measure's responsiveness. Rasch 
and Classical test analyses were undertaken.  
Results: Children were aged between 9 and 16 years (N=88 recruited from a dental hospital and 
N=159 recruited from a school). Rasch analysis confirmed the measure's uni-dimensionality. The 
CEDAM correlated well with the MCDAS (rho=0.67, p<0.01), had excellent internal consistency 
(Cronbach's alpha=0.88) and test-retest reliability (ICC=0.98). The CEDAM was also able to detect 
changes in dental anxiety following the intervention (baseline mean= 22.36, SD=2.57 and follow-up 
mean=18.88, SD=2.42, t(df=37)=9.54, p<0.01, Cohen's d=1.39). 
Conclusions: The results support the reliability, validity and responsiveness of the CEDAM. Initial 
findings indicate it has potential for use in future intervention trials or in clinical practice to monitor 
children's dental anxiety.   
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Introduction 
 
 Dental anxiety affects a significant proportion of children, with over half of children in 
England reporting moderate dental anxiety and a further 10-14% reporting severe dental anxiety 
1
. 
Children with dental anxiety are more likely to be infrequent or irregular users of dental services, 
have a higher prevalence of oral health problems and have worse oral health-related quality of life 
compared to children who do not experience dental anxiety 
2-4
.  It is therefore important that these 
children are identified at an early stage so that their dental anxiety can be managed or reduced. 
However, a number of factors influence how the dentally anxious child presents at the dental clinic, 
making it sometimes difficult for clinicians to accurately detect dental anxiety through observation 
and clinician judgement alone 
5
. Indeed research has revealed that there is a weak relationship 
between dentists ? and children's ratings of dental anxiety 6. 
 
 The use of self-report measures offers clinicians a reliable way of identifying children with 
dental anxiety. A variety of measures have been developed over the years, each with acknowledged 
strengths and limitations 
7
.The Children's Fear Survey Schedule-Dental Subscale (CFSS-DS), the 
Modified Child Dental Anxiety Scale (MCDAS), Corah's Dental Anxiety Scale (DAS) and the Venham 
Picture Test (VPT) are all commonly used instruments but  have differing psychometric properties. 
Clinicians and researchers therefore need to appraise which measure is most appropriate to their 
study aims and population. A  recent systematic review revealed that the CFSS-DS had been 
employed most frequently in previous studies and had been used with a wide age range of children 
7
. 
However, as with several other scales, it  had a limited focus and only measured the severity of fear 
in response to specific dental situations (e.g. hearing the dental drill, sitting in the dental chair). It 
was therefore proposed that, children who had not actually encountered these experiences may find 
it difficult to respond in terms of their hypothetical anxiety levels.  
 
 The Five Areas
TM
 cognitive behavioural assessment model of anxiety offers a holistic 
assessment approach which outlines how situational factors, unhelpful thoughts, unhelpful 
behaviours, physical symptoms and feelings are all important components of the anxiety experience, 
which can contribute to the maintenance of the condition 
8
. Assessing the factors which play a role 
in children's dental anxiety is a prerequisite for clinicians to understand how they can effectively 
manage or reduce the dental anxiety in their child patients 
9
. Therefore, it has been proposed that a 
measure which fails to assess all of the components of dental anxiety will only provide partial 
information about the individual's anxiety experience 
10
. Assessing the thought patterns, behaviours, 
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physical symptoms and feelings experienced by children with anxiety can be extremely helpful for 
both dental practitioners and patients. This type of assessment enables practitioners to identify 
problem areas which may be maintaining the anxiety and could be the target of interventions (e.g. 
specific unhelpful thoughts or avoidance), and can also help inform and develop the patient's  own 
understanding of why they are anxious 
8
. 
 
 In recent years a number of new measures, such as the Abeer Children Dental Anxiety Scale 
(ACDAS) 
9
 and the Index of Dental Anxiety and Fear (IDAF-4C) 
11
,  have been developed to assess the 
multidimensional components of dental anxiety and thus provide a more comprehensive assessment 
of dental anxiety. However, to date no measures of dental anxiety have been developed through 
undertaking research with children 
12
; and fully involving children in the development of the 
measure. Questionnaires that have not been developed from research with children may fail to 
assess the altered thoughts, behaviours, physical symptoms and feelings which are specific to 
children and may potentially use language which is not relevant or understandable to children 
13
. 
The need to actively involve children in research and to consider the developmental validity of child 
dental anxiety measures has  therefore been highlighted 
4, 12, 13
.  
 
 The aim of this study was to develop the ChildƌĞŶ ?Ɛ Experiences of Dental Anxiety Measure 
(CEDAM) with dentally anxious children, based on a cognitive behavioural assessment model of 
anxiety 
8
, which could assess aspects of dental anxiety which are important to children. This paper 
describes the development of the CEDAM and reports the findings from an evaluation study which 
examined its properties. The specific objectives of the evaluation study were to examine the 
performance of the measure's items (e.g. item fit and item response) and assess the internal 
consistency, test-retest reliability, construct validity and responsiveness of the measure. It is  
recognised that examining these properties is central  to the evaluation of a patient reported 
outcome measure 
14
. 
 
 
Materials and Method 
Overview 
 The CEDAM was developed from data obtained from interviews with children with dental 
anxiety plus subsequent cognitive pre-testing and piloting of the measure. Throughout this paper, all 
participants under the age of 16 years will be referred to as  ‘children ?. Previous focus groups 
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revealed no preference for any one  descriptor from the following:  ‘young people ?;  ‘adolescents ?; 
 ‘teenagers ? or  ‘children ?.  dŚƵƐĨŽƌƐŝŵƉůŝĐŝƚǇ ?ƚŚĞƵƐĞŽĨƚŚĞŝŶĐůƵƐŝǀĞƚĞƌŵ ‘ĐŚŝůĚƌĞŶ ?ǁĂƐĂĚŽƉƚĞĚ ?
 
Rasch analysis and classical test techniques were  performed to examine the psychometric 
properties of the CEDAM with non-clinical and clinical populations. Ethical approval was granted 
from the University of Sheffield ethics committee and NRES Committee York and Humber: Leeds 
West REC (13/YH/0163) to undertake the research with the non-clinical and clinical participants 
respectively.  
  
Stage 1. Development of the CEDAM 
Theoretical model 
 The Five Areas
TM
 cognitive behavioural assessment model of anxiety was used as a 
framework to guide the interviews and measure development 
8
. The model outlines the components 
involved in the development and maintenance of anxiety, which include situational factors, 
unhelpful thoughts, unhelpful behaviours, physical symptoms and feelings, and highlights the inter-
relationships between these areas. 
 
Participants 
Children were involved at each stage of the study. To illustrate the number and sociodemographic 
profile of participants at different phases of the questionnaire development and testing, a flow chart 
has been provided (Figure 1). 
 
Qualitative interviews 
 To identify the unhelpful thoughts, behaviours, physical symptoms and feelings which may 
be experienced by children with dental anxiety, in-depth interviews with dentally anxious children  
were undertaken until saturation was achieved. Thirteen children aged between 11-16 years 
participated in the qualitative interviews (three males and ten females) and interviews were 
transcribed and analysed using framework analysis 
15
. These data have been published elsewhere 
16
. 
 
Item generation 
 The anxiety experiences reported by children with dental anxiety (see 
16
) were used to 
generate items which mapped on to four areas of the theoretical model (unhelpful thoughts, 
unhelpful behaviours, physical experiences and feelings). Situational aspects of dental anxiety were 
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not included within the measure because the focus of measure was to assess the internal 
components of dental anxiety experienced by children.  
 
Cognitive pretesting and piloting 
 Cognitive pretesting was undertaken with children from a non-clinical population to increase 
the developmental validity of the measure. Interviews were undertaken until no further changes 
were suggested. Cognitive pretesting aims to assess the child's comprehension, judgement and 
response to each item included in the questionnaire and involves interviewing the child whilst 
he/she is completing the questionnaire 
17
. A total of 11 children (7 boys, 4 girls), aged between 8 and 
15 years, participated in cognitive pretesting. Feedback about the content, language and response 
format of the CEDAM resulted in a substantial number of revisions being made to the measure. For 
example, children preferred response formats which were relevant to the specific items and 
domains rather than the Likert scales proposed. 
 
 The resultant measure was then examined by a team of experts (including health and clinical 
psychologists, a psychiatrist and a team of paediatric dentists) and a small number of additional 
changes were made. The measure was then piloted with children until no further revisions were 
suggested. A total of five children (3 boys, 2 girls) aged between 9 and 16 years, who were from a 
non-clinical population, piloted the measure.  
 
Preliminary version of the CEDAM (prior to evaluation study) 
 Following this initial development the CEDAM contained 17 items. An example item and 
response format was: 'When I ŶĞǆƚǀŝƐŝƚƚŚĞĚĞŶƚŝƐƚ/ƚŚŝŶŬ/ǁŝůů ? ? ?ŶŽƚĨĞĞůƵƉƐĞƚ ? ? ?ĨĞĞůĂůŝƚƚůĞƵƉƐĞƚ ? ?
feel quite upset', feel very upset'. The 17-item version of the measure was tested within the 
evaluation study described below.  
 
Stage 2. Evaluation study 
Sample and procedure 
 The non-clinical sample was recruited from a large comprehensive secondary school in 
Berkshire, through a personal contact. Permission was granted from the head teacher of the school, 
written consent was gained from parents and assent from children. A sample of 159 children 
participated by completing both CEDAM and MCDAS measures (100% response rate) but two were 
excluded due to high levels of missing data. Due to the high prevalence of dental anxiety, school 
ĐŚŝůĚƌĞŶǁĞƌĞĂůƐŽĂƐŬĞĚĂŐůŽďĂůĂŶǆŝĞƚǇƋƵĞƐƚŝŽŶ ? ?KǀĞƌĂůůǁŚĞŶ/ŐŽƚŽƚŚĞĚĞŶƚŝƐƚ ? ? ?/ĨĞĞůƌĞĂůůǇ
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scared' 'I feel quite scared' 'I feel a little scared and 'I don't feel scared at all') to identify children 
within this non-clinical sample who actually had dental anxiety (those children who identified some 
dental anxiety). Within the school sample, 68 (43%) children were male and 91 (57%) were female 
(mean age=12.60, SD=1.24). The Modified Child Dental Anxiety Scale (MCDAS) is a short, previously 
validated measure often seen as the current gold-standard for dental anxiety assessment,  which 
contains eight items designed to assess dental anxiety in children. The measure has been used 
extensively within the field and asks children to rate how anxious they feel in response to a variety 
of dental situations or experiences (1= not worried/relaxed, 5=very worried). Total scores can range 
from 8 to 40, with higher scores reflecting higher levels of dental anxiety. 
 
 The clinical sample was obtained from a paediatric dental clinic within a UK based dental 
hospital. All new patients aged between 9 and 16 years old who had been referred to the dental 
clinic were asked to respond to a question on a screening slip which was offered to them at their 
first appointment ('please tell us how you feel about going to the dentist'). Those that responded 
they were 'a little bit worried' or 'very worried' were invited to take part in the study. Written 
consent was obtained from parents and assent from children.  A sample of 88 anxious children from 
a clinical population participated in the study, 32 (36%) children were male and 56 (64%) were 
female (mean age=12.64, SD=1.81). The majority of these children were recruited for the specific 
purposes of this study (N=50, response rate= 100%). However, 38 were dentally anxious children 
(aged between 9-16 years old) who were already participating in an ongoing research study being 
undertaken in a UK based dental hospital and two UK based community dental services. The 
research aimed to evaluate the feasibility and preliminary effectiveness of a Cognitive Behaviour 
Therapy (CBT)-based guided self-help intervention designed to reduce dental anxiety. Details of how 
this sample were recruited to the research and the how the CBT intervention was developed and 
delivered have been published elsewhere 
18
).  
 
 Therefore a total of 247 children aged between 9 and 16 years (mean age=12.62, SD=1.47) 
participated in the baseline evaluation study, the majority of whom were female (N=147, 60%).  
 
 Follow-up CEDAM data (required to evaluate the responsiveness of the measure) were 
available for the 38 children who had received the CBT-based guided self-help intervention as part of 
a larger research project 
18
. These children had already completed the CEDAM at baseline and 
following their engagement with a CBT-based intervention. Children completed repeat  CEDAM 
questionnaires following their attendance at three dental appointments where they had received a 
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new CBT-based guided self-help from their dental team (www.llttf.com/dental). Of this group, 28 
(73.7%) children were female and the mean age was 12.63 years  (SD=1.61).  
 
Rasch analysis  
 The fit and function of the 17-item measure were examined using a Rasch item response 
theory model. Rasch analysis was originally used in educational testing, but more recently has been 
used in the development and evaluation of patient-reported outcome measures 
19-21
. Formal testing 
of a scale against a mathematical model assesses how well the participantƐ ? responses fit the model 
22
. According to this method, the items chosen for the final measure should be unidimensional (i.e. 
the questions should all measure the same construct), be free from differential item functioning 
(DIF), i.e. they function in the same way across groups, and fit the model expectations 
23
. The overall 
score can then be expressed in logits (log odds probability units), thus converting the ordinal raw 
scores to an interval scale from which accurate change scores can be calculated. The measure was 
tested with the unrestricted or partial credit model, using the method suggested by Tennant and 
Conaghan 
23
 involving: 
1. Category discrimination: this analyses response patterns to assess whether participants are able 
to discriminate between the different response options. Where these are disordered, adjacent 
categories can be collapsed to reduce the number of response options. 
2. Differential item functioning (DIF) was analysed by age (9-12 years and 13-16 years) and gender. 
3. Item fit to the model: if the data fit the Rasch model, each item and person fit residual should 
be within the range +/- 2.5 and the mean item and person fit statistics should be close to zero 
with a standard deviation of one 
24
. Finally, the individual items and summary chi-square 
interaction statistics should be non-significant (> 0.05), although these are subject to Bonferroni 
adjustment based on the number of items.  
 
 Once a unidimensional scale had been achieved, a transformation from raw score to interval 
data was undertaken. The Rasch analysis was undertaken using RUMM2030 software  (RUMM 
Laboratory Pty, Ltd, WA, Australia). All further analyses were based on the scale created from this 
analysis. Subsequent classical test analysis was also undertaken on this revised version of the 
CEDAM. 
 
Classical test analysis 
Reliability 
8 
 
 Internal consistency examines the extent to which all of the items in the measure assess the 
same underlying concept. The internal consistency of the CEDAM was assessed using the Cronbach's 
alpha test. To examine whether scores are consistent over time (scores are stable when no real 
change is likely to have occurred) test ?retest reliability should be examined by asking individuals to 
complete the measure on more than one occasion 
25
. To assess the test-retest reliability of the 
CEDAM, 14 children (mean age=13.36, SD=0.50) from the non-clinical population completed the 
measures again two weeks after they had initially completed the baseline measure.  Codes were 
used to link baseline and test-retest data and intra-class correlations were calculated for baseline 
and retest scores. 
 
Validity 
 The construct validity of the CEDAM was examined by undertaking 'known group' analysis 
and comparing the anxiety scores between the clinical and non-clinical groups of children. It was 
expected that children from the clinical sample, who had indicated they were dentally anxious, 
would score higher on the CEDAM than children from the school sample. Tests of differences were 
employed to examine the differences in dental anxiety scores between these two groups. 
 
 Concurrent validity is a type of criterion validity and can be demonstrated by comparing the 
results of the measure to an existing 'gold standard' test, which aims to assess the same construct 
25
. 
In order to examine the concurrent validity of the CEDAM all participants were asked to complete 
the MCDAS 
26
 at the same time. Correlational analysis was employed to examine the relationship 
between the CEDAM and MCDAS scores within the current study. 
 
Responsiveness to change 
 The measure ?s ability to detect change in anxiety levels pre and post the CBT-based 
intervention was evaluated to provide preliminary evidence of the measure's ability to detect 
change in dental anxiety, when change is expected. Related t-tests were performed on pre-post 
intervention CEDAM and MCDAS scores. 
Results 
 
Rasch analysis  
 Given that the CEDAM was primarily designed for use as a clinical assessment tool the 
analysis was performed using data from the clinical sample (n=88).The initial scale showed 
significant misfit to the model. Four items had disordered thresholds indicating that the response 
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categories were not functioning as expected.  Feedback from children completing the measures had 
also revealed some children experienced difficulties in differentiating between specific responses 
(e.g. differentiating between feeling 'quite upset' and 'a little upset'). Therefore, in line with 
participant feedback and in order to maintain a consistent response format, the 4-point scale was 
changed to a 3-point scale by collapsing appropriate adjacent categories. For example, in response 
to the question 'When I next visit the dentist I think I ǁŝůů ? ?ƚŚĞƚŚƌĞĞƉŽŝŶƚƐĐĂůĞĐƌĞĂƚĞĚǁĂƐ P ?&ĞĞů
very upset,' 'Feel a little upset' and 'Not feel upset', (which combined the 'Feel quite upset' and 'Feel 
a little upset' responses). No differential item functioning was identified by age group or gender (i.e 
the items had a similar function across groups).  Three items were removed (items relating to 
nervousness, wanting to walk out during appointments and confidence that the dentist would 
explain things to them) based on their fit statistics and feedback from participants.  The resultant 14-
item scale demonstrated uni-dimensionality.  
 
 Overall fit statistics at each stage of analysis are shown in Table 1, along with the ideal fit 
statistics to the Rasch model. Appendix 1 shows the person-item threshold map which indicates that 
participants are distributed in a similar pattern to the items and that the items measure the impacts 
of dental anxiety along the construct from least to most dentally anxious.  As the items fit the Rasch 
model, a transformation from the raw score to interval scaling is shown in Table 2.  This conversion 
allows the raw ordinal score to be converted to an interval score allowing accurate calculation of 
change scores.  All further analyses were based on the 14-item scale created from this analysis (see 
Appendix 2). 
 
Dental anxiety scores 
 Mean scores for the 14-item CEDAM and 8-item MCDAS according to age, gender and 
sample type can be seen in Table 3. Baseline MCDAS scores were normally distributed in clinical and 
non-clinical samples.  Baseline CEDAM scores had high levels of kurtosis within the non-clinical 
sample (Skewness =1.40 (SE=0.19), Kurtosis =7.00 (SE=0.38), N=158), however, Skewness and 
Kurtosis values for CEDAM scores were within the acceptable range (+2) within the clinical sample 
(Skewness=0.37 (SE=0.26), Kurtosis=1.52 (SE=0.52), N=85) 27. 
 
 An independent t-test revealed females had higher MCDAS scores than their male 
counterparts (t=-3.56 (df=237) = p<0.01) and Mann-Whitney analysis revealed no significant 
difference between females and males in their CEDAM scores (Z=-0.14, p=0.89, N=243). 
10 
 
Correlational analysis revealed no association between age and dental anxiety, as measured 
by both the CEDAM (rho=-0.10, p = 0.55, N=243) and MCDAS (r=0.07, p=0.32, N=239).  
 
Classical test analysis 
 This analysis was undertaken on data obtained from both the clinical and non-clinical 
samples (either collectively or independently, as appropriate) and a summary of this analysis can be 
found in Table 4. 
 
Internal consistency 
 Cronbach's coefficient alpha scores were computed for the CEDAM and MCDAS and 
demonstrated adequate internal consistency for both measures (0.88 and 0.84, respectively).  
 
Test-retest reliability 
 Intra-class correlation coefficients revealed that with a retest period of two weeks the test-
retest reliability of the CEDAM and MCDAS was excellent (0.98 and 1.0, respectively).  
 
Construct and concurrent validity 
 To assess the 'Known groups' validity of the CEDAM, the scores of the clinical sample (which 
consisted of children who had reported being dentally anxious) and non-clinical school sample who 
had not reported dental anxiety were compared. This examined whether the CEDAM could produce 
an 'anxiety score' which could be used to differentiate children with and without dental anxiety. 
 Mann-Whitney and independent t-tests revealed significant differences in anxiety scores 
between the two groups, with children from the clinical sample scoring higher on the CEDAM (Z=-
6.82, p<0.01, N=168) and MCDAS (t=-5.14, df=163, p<0.01) than children from the general 
population (school) sample who reported they did not suffer from dental anxiety (e.g. those children 
who responded 'I don't feel scared at all' to the global dental anxiety item 'Overall, when I go to the 
ĚĞŶƚŝƐƚ ?.'). Correlation coefficients revealed a moderate/high inter-correlation between the CEDAM 
and MCDAS (rho= 0.67, N=235, p<0.01), indicating a significant positive relationship between the 
two measures. 
 
Responsiveness to change 
 Related t-tests revealed that both the MCDAS (pre-intervention mean=22.36 (SD=6.72), 
post-intervention mean=17.41 (SD=5.89), t=8.27, df=33, p<0.01, Cohen's d=1.27) and CEDAM (pre-
11 
 
intervention mean=22.36 (SD=2.57), post-intervention mean=18.88 (SD=2.42), t=9.54, df=37, p<0.01, 
Cohen's d=1.39) were able to detect changes to dental anxiety following the CBT-based intervention.  
 
Discussion 
 
 The CEDAM is a self-report measure of children's experience of dental anxiety which 
assesses the unhelpful thoughts, behaviours, physical symptoms and feelings experienced by 
children. The measure was designed to be used as a patient reported outcome measure of dental 
anxiety and was based on an established cognitive behavioural clinical assessment model 
8
, with the 
aim of increasing the measure's clinical application and relevance by assessing change in key 
domains that alter during times of anxiety.  
 
 The psychometric properties of the 14 item CEDAM were comparable with the MCDAS for 
children aged 9-16 years and demonstrated excellent internal consistency and test-retest reliability. 
Any potential concerns about the validity of CEDAM for such a wide age range of children were  
therefore unfounded. Indeed, many other existing dental anxiety measures have also been 
developed for use with a wide age range of children 
7
. It was, however, interesting to note that girls 
reported significantly higher levels of anxiety using the MCDAS than was the case for CEDAM (which 
did not identify a significant difference according to gender). It  may be that because CEDAM offers a 
more comprehensive assessment of how dental anxiety impacts on children (in terms of unhelpful 
thoughts, feelings and behaviours) the measure was able to detect that worries and concerns of 
boys and girls are largely similar. Differences in prevalence rates between boys and girls could be the 
result of a gender response bias with males feeling less able to report high levels of anxiety. Further 
qualitative work would seem to be warranted, therefore, to determine whether CEDAM has 
addressed this potential gender response bias, or whether it is failing to capture gender differences 
in dental anxiety levels.  
 
The measure was positively correlated with the MCDAS 
26
 and was also able to identify differences in 
anxiety between a clinical population, who self-identified as being dentally anxious, and a non-
clinical sample of children who did not report dental anxiety. One of the main advantages of the 
CEDAM, over other available measures of children's dental anxiety, is that the CEDAM was 
developed with children who were experiencing dental anxiety and therefore it assesses experiences 
that this group specifically identify  as central to their anxiety and uses an accessible language and 
concepts appropriate for this age group. It is paramount  that patient-reported outcome measures 
12 
 
reflect the outcomes deemed important by the patient group and thus are developed with active  
engagement by the target population  
17, 28
. Within the current study, a series of qualitative 
interviews/focus groups were undertaken with children and cognitive pretesting/piloting of the 
measure was also conducted to ensure this measure of dental anxiety was child-centred.  However, 
ŝƚŝƐǁŽƌƚŚŶŽƚŝŶŐƚŚĂƚƚŚĞƋƵĞƐƚŝŽŶŶĂŝƌĞĚŝĚŶŽƚƐĞĞŬƚŽĞǆƉůŽƌĞĐŚŝůĚƌĞŶ ?ƐĐŽŶĐĞƌŶƐĂďŽƵƚƐƉĞĐŝĨŝĐ
items of treatment, such as oral injections. Whilst it is recognised that some dentally anxious 
children may have a needle phobia, the purpose of this new measure is to capture more generic 
experiences of dental anxiety. One item does, however, ask children to rate how worried they are 
that the dentist will do something that will hurt. Thus a child who anticipates that an injection will be 
very painful, will have the opportunity to respond accordingly.  
 
 
 The CBT-based assessment framework, which guided the development of the CEDAM, 
ensured that the resultant measure would have application as a clinical assessment tool. The CBT 
literature  also suggests that children as young as 7-years have the cognitive ability to relate to the 
underlying concepts. ŚŝůĚƌĞŶ ?ƐƌĞƐƉŽŶƐĞƐƚŽƚŚĞŝƚĞŵƐŝŶĐůƵĚĞĚŝŶƚŚĞŵĞĂƐƵƌĞĐould be used to 
help the patient, carers and dental team understand the factors which could be maintaining the 
dental anxiety, whilst at the same time highlighting priority areas for intervention. For example, if 
unhelpful cognitions are identified (e.g. 'I think if I asked the dentist to stop what they were doing 
they would not stop') then the dental practitioner can address these with the patient (e.g. agree a 
stop signal) in order to  modify unhelpful thoughts and  thereby reduce the ĐŚŝůĚ ?Ɛdental anxiety 4. 
 
 The results of this study provide support for the reliability and validity of this new measure, 
however, patient reported outcome measures need to be both reliable and responsive to change 
29, 
30
. The CEDAM has been designed in a way which promotes the measure ?s responsiveness (e.g. it 
assesses children's current anxieties and does not ask children to recall how anxious they felt in 
response to previous experiences). This promotes the responsiveness of the measure to detect 
short-term changes in dental anxiety, which is important if a measure is to be used to evaluate 
changes in patient symptoms or experiences over time. The CEDAM was able to detect reductions in 
children's dental anxiety following the implementation of a CBT-based intervention that had been 
designed to reduce dental anxiety levels. The Rasch analysis undertaken also generated an algorithm 
which can be used to convert raw ordinal scores to interval level scores which can be used to more 
accurately calculate change. This is related to the fact that ordinal scales are nonlinear, resulting in a 
sigmoid curve when the raw scores are plotted. Thus the values at the margins of the curve cover a 
13 
 
wider part of the underlying trait than those at the centre.  Conversion to a linear scale eliminates 
this discrepancy, allowing change to be measured accurately regardless of where the score lies along 
the curve.  
 
 An acknowledged limitation of the current research is that the analysis of the measure's 
responsiveness to change was undertaken on data obtained from a relatively small sample (N=38). 
Further work is needed to identify the minimally clinical important difference (MCID) in the 
reduction of dental anxiety when using this measure before it can be recommended for widespread 
use as a patient-reported outcome measure to determine the effectiveness of any interventions. It 
has been recommended that a mixture of patient-based and clinical-based anchors should be 
employed to reliably establish a measure's MCID 
29, 30
.  
 
The rationale for the CEDAM was to design a measure to provide insight into what is maintaining the 
child's anxiety and  to measure change in that anxiety in response to an  intervention. Its value as a 
potential screening tool, however, remains undetermined. Clearly, any anxiety measure which has 
thresholds or cut off scores for low or high anxiety levels could have important applications in the 
ĐŽŵŵŝƐƐŝŽŶŝŶŐĂŶĚƉƌŽǀŝƐŝŽŶŽĨĐŚŝůĚƌĞŶ ?ƐĚĞŶƚĂůƐĞƌǀŝĐĞƐ ?ĐŚŝůĚĨŽƵŶĚƚŽŚĂǀĞĐůŝŶŝĐĂůůǇƐŝŐŶŝĨŝĐĂŶƚ
anxiety levels may benefit from referral to specialist services, which are better equipped to manage 
ƚŚĞĐŚŝůĚ ?ƐĚĞŶƚĂůĂŶǆŝĞƚǇǁŝƚŚĂƉƉƌŽƉƌŝĂƚĞƉƐǇĐŚŽ-educational or pharmacological approaches. 
 
It should also be noted that in the present study a comparison between MCDAS and CEDAM was 
only undertaken as part of the evaluative process for CEDAM reliability, as MCDAS offers a similar 
age range (8-15 years) for respondents. There was no intention to suggest one instrument was 
superior to another, as they each have merit in different clinical or research contexts. 
 
Future work is now  needed to investigate the usefulness and feasibility of utilising the CEDAM as a 
clinical assessment tool with the potential to help clinicians, children and carers understand and 
target specific factors that are contributing to the child's dental anxiety. Whilst the burden 
presented to the child, in completing CEDAM, is minimal (taking around 5 minutes), busy clinical 
practices may lack the resources or incentives to administer and analyse the instrument. A study is 
currently underway to determine the acceptability of an electronic version of CEDAM which may 
address some of the anticipated barriers to its routine use. Furthermore, primary care dentists will 
need to be persuaded of the evidence base and benefits of pre-treatment anxiety assessments for 
their young patients.  At a more fundamental level, the need for effective communication between 
14 
 
child, parent/carer and dental professional is paramount in the holistic diagnosis and management 
of dental anxiety
31, 32
.  
  
15 
 
Conclusion 
 The findings of the study revealed that the CEDAM is a reliable and valid measure of dental 
anxiety in children aged 9-16 years. This is the first measure of dental anxiety developed from 
inclusive research with dentally anxious children and based on a clinical assessment model of anxiety. 
 
Why this paper is important to paediatric dentists 
x Measures of children's dental anxiety need to assess the concerns and experiences of 
children. Through undertaking research with children the CEDAM has been developed to 
provide clinicians with a valid and reliable child-centred measure of dental anxiety. 
x The CEDAM is a clinical assessment tool which can help clinician's understand their patient's 
dental anxiety and the factors which may be maintaining that anxiety. This information is 
critical for the development of appropriate treatment plans for children who have dental 
anxiety. CEDAM is available on request from 
https://www.sheffield.ac.uk/dentalschool/research/create/cedam. 
x The CEDAM could be used to monitor children's dental anxiety, and changes in dental 
anxiety, that occur over time or following clinical or psychological interventions.  
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Table 1. Fit of the CEDAM to the Rasch model 
 
Analysis name Item residual Person residual Chi-square Reliability 
 Mean SD Mean SD Value (df) P  
Initial analysis -0.01 -1.27 -0.19 1.13 51(34) 0.034 0.91 
Rescore to 3 categories -0.20 0.70 -0.27 0.92 28 (28) 0.271 0.86 
ZĞŵŽǀĞŝƚĞŵƐ “ǁĂůŬŝŶŐ
ŽƵƚ ? ? “ĞǆƉůĂŝŶŝŶŐ ?ĂŶĚ
 “ŶĞƌǀŽƵƐ ? 
-0.21 0.74 -0.28 0.99 34 (34) 0.447 0.88 
Ideal 0 1 0 1  >0.004* >0.7 
 
* Bonferroni adjustment for 14 items; SD=standard deviation; df=degrees of freedom 
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Table 2.  Conversion from raw score to interval level score. 
Raw score Interval score Raw score Interval score 
14 14.00 29 25.34 
15 15.97 30 25.78 
16 17.43 31 26.23 
17 18.49 32 26.69 
18 19.36 33 27.17 
19 20.12 34 27.69 
20 20.80 35 28.25 
21 21.42 36 28.89 
22 21.99 37 29.68 
23 22.53 38 30.78 
24 23.04 39 33.18 
25 23.52 40 39.53 
26 23.99 41 41.43 
27 24.44 42 42.00 
28 24.89   
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Table 3. Dental anxiety scores by participant group/demographics 
Participant group  Baseline CEDAM mean (SD) Baseline 
CEDAM range 
Baseline MCDAS mean (SD) Baseline MCDAS 
range 
 
Clinical sample 
 
21.97 (SD=3.01) 
N=85 
14-42 24.05 (SD=6.64) 
N=82 
8-38 
Non-clinical sample 
no dental anxiety reported 
dental anxiety reported 
 
 
18.80 (SD=2.97) N=83 
22.73 (SD=2.25) N=73 
 
14-33.18 
15.97-42 
 
15.86 (SD=5.76) N=83 
22.88 (SD=6.70) N=73 
 
8-31 
8-38 
9 year olds 
 
19.96 (SD=2.07) 
N=2 
18.49-21.42 24.50 (SD=12.02) 
N=2 
16-33 
10 year olds 
 
21.70 (SD-3.22) 
N=10 
17.43-27.69 22.20 (SD=6.81) 
N=10 
13-36 
11 year olds 
 
21.33 (SD=2.83) 
N=47 
14-26.23 20.76 (SD=7.40) 
N=46 
8-34 
12 year olds 
 
20.94 (SD=3.73) 
N=64 
14-33.18 19.83 (SD=7.10) 
N=63 
8-36 
13 year olds 
 
20.83 (SD=2.67) 
N=47 
14-25.78 20.49 (SD=8.49) 
N=47 
8-38 
14 year olds 
 
20.90 (SD=4.32) 
N=45 
14-42 20.63 (SD=6.44) 
N=46 
8-35 
15 year olds 
 
21.08 (SD=3.50) 
N=24 
14-28.25 23.36 (SD=6.06) 
N=22 
8-31 
16 year olds 
 
24.83 (SD=6.11) 
N=4 
18.49-33.18 27.33 (SD=11.37) 
N=3 
18-40 
Males 
 
20.93 (SD=3.46) 
N=98 
14-33.18 18.86 (SD=7.15) 
N=98 
8-35 
Females  
 
21.19 (SD=3.53) 
N=145 
14-42 22.23 (SD=7.13) 
N=141 
8-40 
Total Sample 
 
21.09 (SD=3.50) 
N=243 
14-42 20.85 (SD=7.32) 
N=239 
8-40 
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Table 4. Summary of reliability and validity estimates  
Measure 
 
Internal consistency 
(Cronbach's alpha) 
 
Test-rest reliability at 
two weeks* 
 
'Known-groups' validity** 
 
Concurrent 
validity*** 
Number of participants 
with missing responses 
at baseline 
14-item CEDAM 
 
0.88 
(N=243) 
ICC=0.98 
(N=14) 
Non-anxious school group: 
Mean=18.80 (SD=2.97), N=83 
 Clinical group: 
Mean=21.97 (SD=3.01), N=85 
 
(Z=-6.82, p<0.01) 
 
 
 
 
rho=0.67  
(N=235) 
N=4 
 
8-item MCDAS 
 
0.84 
(N=239) 
ICC=1.0 
(N=14) 
Non-anxious school group: 
Mean=15.90 (SD=5.76), N=83 
 Clinical group: 
Mean=24.05 (SD=6.64), N=82 
 
(t=-8.47, df=163, p<0.01) 
 
 
N=8 
*Non-clinical sub-sample 
**Difference between anxiety scores of children from clinical sample and children from the school sample who did not identify as having dental anxiety 
*** Correlation coefficient between MCDAS and CEDAM 
